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PHYTOTOXICOLOGY STUD^ AKOUND ALUMniUJM 
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1983 and 1985 



BACKG'ROUND 

The Phyi,otoxieolofy Se'Ction has, been involved in vegetation a,ssessiment studies 
,ar'ound Alumilnum Dross ReeycHnf (ADR) in Keswick since 1075. M the p,ast this 
company has abo been known as Thane Development Ltd. md Continental 
Alum.!num. ADR re^mielts waste aluminum (dross) into aluminum ingots. 
Occasionally th,is: prwess em:its smoke enfTissions off property which causes 
miaterial discomfort to people Mving in the vicini'ty of the source. 'The MO'E have 
received' num^erous eomplaints, many of which have exprei^ed concern r^arding 
eontamination of the .surroundinf rural environment. Phytotoxicology studies 
have ineluded chemical analysis, of tree foliage and mil samples and observation 
of sensitive ^ecies; of indigenous vegetation for symptomis of any poBution 
injury. 

In the summers of 1983 .and 1985 forage and tree foliage samples were eolected 

for chemical analysis and in 1983 ion receptor moss bap were exposed for 4 
eonseeutive months around the source. Phy to toxicology sampMng was not 

conduct'ed' in 1984. 

Tree Foli^e 

:Seven sites were selected for sampHng in 1983 and 1985. Six of the locationis 
were within one krai of ADR, and one site was a control situated almost 3 kmi to 
.the south, upwind of the :source. Figure 1 iUustrates the approximate location of 
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the seven tree foliage sampling sites. 'Tfnese sites were aisO' isampled in 1980, 
although at that time foliage was eoUeeted from 8 and not 7 locatiO'ns* iSample 
site 4 w,as not 'utilized in 1983 and 1985. Foliag'e was collected in triplicate from' 
trembling aspen trees from the side of the erown facing the soupee. The samples 
were proeeissed mot washed at the Phytotoxieolofy' laboratory and then forwarded 
to the M'OE main laboratofy for ehemcial analysis on a dry weight basis. 
Elemental analysis inclyded alumiinum: f Al), calciym (Ca), ehloride (Cl), copper 
(Cii), nuoride (F), magnesium (Mg), molybdenym (Mo), :sodium' (Na), lead fPb) and 
sulphur (S). 

TTie results of these analyses are summiarized in Table 1. At the botto'm of this 
table, cof responding to each column of ehemical results, is the 'Upper Limit of 
Normal'' for that chemical in backpound (or control) tree foliage,. The 
Phytotoxi'eology 'Upper LimJt of Normal' leve'ls do not imply toxicity; rather, 
they .are guidelines whereby a source is usuaUy implicated if these 
CDncentrations 'are exceeded. 

During the growing season the ppevailing winds are fromi the southwest; 
therefore, emissions from ADR would tend to travel to the north'-east. :in both 
lis 3 ,and 1985 the highest ,A1 leveb were found closest to the source, although 
foUar concentrations dropped off rapidly with Inereasinf distaniCe from ADR. 
None of the sa,m,pling sites exceeded the 50^0 ppm normal limit in 1983, but 
poplar foMafe at site 2, C325m, N) contained 1150 ppm: Al in 1985. Elevated Al 
levels in foMag e were not detected beyond 5dG m from the source. The Al data 
,are iUustrated' in Figure 2. 

Similarly, foliar eoneentrations of S, Pb, F and Cu tended to be higher at the 
sampling sit'es closest ADR, but only Cu. at site 2 in liSS exceeded normal 
backfround le¥els. FoMage at this site eontained 43 ppm,, about twice the 

Phytotoxicology guideline of 20' ppm. 

Fo''li.ar eoneentrations of Ca, and Mo were not related to distance or direction 
from the source. Magnesium: levels in 1985 at site 1, SO'O m NNW, aveFaged 5250 
ppm, which .although- the highest of any sample site in either year, is stiU weU 
below the normal limit of 7000 ppm. 

'Oie Cl and Na data were somewhat aniom'olous. AH of the sampMng sites had Cl 
concentrations in poplar foliage well above the background guideline and 
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altliO'Ugli there was a tendency for higher levels closer to the sO'Urce this was not 
consistent between the two sampling years. 'Previoys Phytotoxieology 
experience indicates poplar may be a HI lecumulator, thys limiting its use in 
biomionitorinf surveys involving the CI ion. 

Sodium concentratiO'ns were similarly elevated.. Thie Upper Lim:it of Normal 
'giiideline was exceeded at 5 of the 7 sites in both 1983 and 1985, ^Sod'ium 
co^ntamiination extended about 1000 mi NW and 500 m S of ADF, 

'The concentration ol' most elem,ents tended to be higher in 1985 than in 1983. 

For^e Samplinf 

ADR is a potential source of F and particulates. The predominant land use in the 
vicinity of the source :1s .agTieulture and cattle are grazed on several nearby 
farms. Concern was expFessed regarding the possibility of forafe contamination, 
anid thus the 1983 Phytotoxieoloigy survey w,as expan.d'ed' to include six forage 
sample sites from grazed pastures, Ttie forage sampUng w.as repeated in 1985* 
Forage was eoUeeted in, triplicate and .ao.alyzedi (not w^ashed) for the samie 10 
chem,!cal elem:ents as the tree foliage. 

Fipire 3 iUustrates the approximate location of the six forage sites. Ttie forage 
chemical analyses results are summ,.ar'ized in Table 2. Phytotoxicology Upper 
Limits, of Normj.al pJidelines have not been established for Al, Ca, Mg and Na., but 
the results can be compared to the control site 6, 5000 m southwiest of ADl. 

Ifije ,A1 forage concentrations were very highj exceeding 500 ppm at the site 
closest to ADR in both years. However, Eke the foliage data, the concentrations 

decreased with distance from the soyrce. The exception was site 5, 1625 m NE, 
which in lf85 had AJ forage levels averaging 205 ppm, several tim^es higher than 
the concentrations detected at the control site 6. 'The forafe Al levels are 
illustrated in Figure 4. 

Copper, F and Pb levels in forage a'lso were highest close to the source, although 
the F ai\4 Pb levels were only marginally elevated. Forage Cu levels, exceeded 
the PhytotoxicolO'gy guideline at both sites 1 and 2 in both 1983 and 1985. 
Fluoride and Pb contamination, did not extend farther than about 250 m from' 
ADR and Cu contamination extended approximately 500 m from the source. 
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The levels O'f S, Mo', and Mg did not exceed normal background values nor were 
they significantly hifher at sites closer to ADR than the oontrol site. Calcium, 

concentrations in, forage were marginally elevated at sites closest to ADl. 

The leve'ls. of Na and CI in forage, like those in foliage, were anom^olously 

elevated:; however a eontamination gradient was evident relative to ADR. 

The' Phytotojclcoloigy Section has conducted two investigations regarding forage 
contamination and cattle health on a farm in the vicinity of ADR. 'Extensive 

chemical analysis, including all of the elemients in Tables 1 and 2 of this report, 
were condycted on forage from this farm. The chem'ieal concentrations: were 
similar to, or higher, than those reported for forage in this report. Thiese 
chemical data were reviewed by dairy cattle specialists with the M'inistry of 
Agrleulture and Food and found to be acceptable for cattle consumption. 
Aluminum, the element of main concern In forage .aro'Und ADR, is considered' to 
be toxieologieaUy inert, except in cases of very high acute dosage and prolonged 
inhalation. Aluminum, salts are often fed to cattle when fluorosis is a possibility 
because of h,ighi F content of the forage. Aluminum binds with F chemically in 
the .animals'' intestinal tract to prevent F from becoming bioavailable,., 

M'O^: Bag R^nilts 

In 1983 a moss bag survey was conducted aroynd ,A,DR. MO'SS bap have 
advantage over indigenous plante in that the moss cann,ot be contaminated via 

uptake from a root s^retem; ft has a uni,form receptor surface and exposures can 
be m,ade over relatively short durations, usually one calendar month. Moss bags 

■are .also inexp'ensive to use, therefore, more sites can be monitored than with 
conventional instruments. 'The development and 'use of m^oss bap: by the 
PhytotoxicolO'gy Section is explained by Temple et .al:: "'M'oiss Bags as ,M'onitors of 
Atmospheric Deposition" A PC A Journa,!, Vol. 31, No. 6, June 1981. 

Figure 5 illustrates the location of the 15 moss bag sites established .around ADR 
In September, 1983. 'The source was shut down during this mionth. ADR was to 
resum,e operations In October:;; therefore, the bags were exchanged at this time. 
In total there were four exposure periods corresponding with the calendar m,onths 
of September, October, November and December. This should have provided one 
month of shut down data with ,no operation related emissions., and 3 months of 
operative data.. 
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There are traces of many elemients intrinsic to the m'oss. To' ensure that the 

exposed moss bag data are indicative only of contaminant depO'Sitlori fFonii the 
source during exposure, the exposed moss bag levek were corrected for these 
backfround values. 'Ttiis was accomplished by exposing mioss b&gs at a control 
location, sufficiently removed .so^ .as. not to be in'flueneed by deposition from the 
source but close enough to share the same meteorological conditions and regional 
air quality as the moss, bags exposed around the company beinp mionitored. The 
control location for this survey was site 14, about 4000' m SW of ADR, Ifie 
average concentration; for each elem,ent from! this site for the October, 
November and December exposures was subtracted from the levels; obtained at 
ftM the sites to yield net contaminant deposition results. 

'Th'e m^s bap were analyzed for Al, CI, S, Na, Mg, F, 'Cu,, Ca and Pb. Thie Al 
results from the 4 mo'^ss b.ag' exposures are ;summ:arized in Table 3 and iUustrated 
in Figure S. The miaximum Al concentration was 1060' ppm detected at site 15, 
210 m S of ADR in November. Al, levels decreased with inereasiing distance from 
the source and were only marginally elevated beyond 1000 m. Site 8, 175 m E 
had the highest October - December mean Al level of 850 ppm'. Thiis eomipares 
with 530 ppm Al at this site in September during a period when smelting 
operations were suspended. November had the highest exposiir'e mean of 223 
ppmi, comp.ared with 105 ppm for Septem^ber, 116 ppm in October and 71 ppm for 
December. 

Unlike the foMage an:d forage data, there was a Ca padient evident in the m^oss 
bag data (Table 4, Figure 7). The levek were considerably elevated very close to 
ADR, averaging 4950 ppmi at site 6, 175 m E. An ynexplainably elevated mean 

level of 2970 ppm was detected at site 11, 1960 m NE of the source. Th;e 
escposure mean valye was highest in November (1157 ppm, mean .al, 15 sites) and 
lowest in Deeem,ber (407 ppm,). 

The Cu eoneentrations in mo^ were consistently elevated only at the 2 closest 
sites, numjbers 6 .and 15 (summary data Table 5, Figu,re 8). TTi,es.e sites average'd 
37 and 20 ppm., respectively. The exposure means were similar in Novem.ber a,nd 
December, 7 an,d 6 ppm, respectively., and the ^ptemiber exposure mean was the 
lowest at 2 ppm'. 

Fluoride was an inconsequential contam,inant in moss. M'arginally elevated 

concentrations were detected only at site 6 immiediately east of ADR. 'Tlii.e F 

data are .summ.ari,z.ed in Table 6 and Fi,gure 9. Similarly, Mg' levels: in moss, 



- 6 - 

alt'houg'h ynquestionably source oriented,, were a eontaminant of mappinal 
iimportanee (see Table T, FigUT'e 10), Magnesiumi imoss eoincentrations in 
November and December were not significantly different from the September 
mean value of 17 ppm. However, Mg levels increased substantially at almiost all 
sites in October, which had a monthly exposure mean of 10'5 ppm. 

Sodium levels in moss from the 4 monthly exposures .are summarized in Table 8 
and the mean COctober - Decem,ber) eoneent rat ions at each of the 15 sites is 
Illustrated in Figure 11. &>dium concentrations in mo^ were miuch higher at the 
sites closest to ADl than at suprO'Uuiding', more distant sam^pling locations. For 
example, the 'October -Decem:ber mean Na concentration at site 6, 175 m E, was 
lO'SO ppm^ compared to 440' ppm' at the next closest :samplinp location (site 15, 
210i m S) and generally less than 50^ ppmi at the remaining sites. 'Ttie September 
monthly mean: was the lowest (22 ppm), with e:ssentiaUy no Na detected in mo'ss 
at all but the 2 closest slt'es. Sodium levels increased substantially at the 2 
closest sites in 'October and November but very little or no Na was detected at 
other sampling locations. Moss bags; are particularly sensitive to deicing' salt 
applied in winter to roads, and In December even the most distant sites, 
noticeably sites 13 and 14 SW of ADR, contained elevated Na concentrations. 
However, the Na levels in m;oss. at site 6 rose to 2450 ppm In December from 80' 
ppm the previous month, indicating that ADR was a considerable Na source 
durtnf this period. Large parallel increase, were not 'Observed at other sites 
around the isource in Deeemiberi thereforej the Na contamination was extremely 
localiz^ed to the area in the immediate vicinity of ADl, 

Sulphur concentrations in mo;ss are summarized in Table 9 and iUustrated in 
Figure 12, Although there was a definite trend toward higher S levels in mo,ss; at 
the sites closest ADR, the levels were generaUy very low and, like F, considered 
to be inconsequential in terms of contamination, 

Moiss bag CI data are summarized in Table 10 and iUustrated in Figure 13. A 

'laborat'Ory error resuited in chrom,ium' '('Cr) ins:tead of CI .analysis being 

performed on the November mo'SS. bags; therefore, 'CI data are not available for 
this exposure. Tlie 'Q* levels were uniformity low md are not listed in this report. 
In September and 'October virtually no CI was detected except at the two closest 
sampling sites. Trace concentrations, of 'CI were found at all but two sites in 
December. Chloride, Hke Na, is a major component of road deicing salt, and 
application during the December expo'Sure period is the probable cause for 
detection of this element at this time. Concentrations of CI found in mo^ 
around ADR revealed a weak localiEed source and the resultant marginal 
contamination is of no environmental sigriificance.. 
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The Pb data are suimmarized in; Table 11 and illostpated im Figure 14. Very 

marginaUjr elevated Pb levels were detected at the moss bag sam'pling sites 
immediately adjacent to ADR. 'TTiese levels declined to essenitially background 
beyond 50i0 m .from the source. No Pb was detected at any of the 15 sites in 
September. Like many of the other elem,ents, the Pb leveb are environmentally 

insiipiificant. 

Conetaislcms 

In 1983 .and 1985 PhytotOKicoloigy affi:essm;ent surveys confirm'ed that ABB is a 
soyrce of considerable but localized Al contamiination and a marfinal source of 
several other elements. Ttiie chemiical concentrations of tree foliage tended to 
be higher for most elements in 1985 compared to 1983. A thorough examination 
of vegetation in both years revealed no symptoms of air poUution injury on even 
the ra-ost se:nsitive plant speeies regardless of their proximity to ADl, 

Samples of forage from grazed pastures were eoUeeted in both 1983 and 1985. 
Forafe chemclal eoncentratio:iis. showed only miarginal variation between the two 
yeare. Elevated levelsi of miost elements, particularly At, were detected only at 
the sa,mpling sit^es closest to ADR. The forafe date were comiparable to 
background control levels beyond about 500 m from the source. TTiie forage data 
from two animal complaint investigations around ADR were reviewed by cattle 
specialists from the Ministry of Agrieulture and Food an^d they concluded that 
the marginal eontamlnation would not inhibit plant growth or yield and that the 
forage quality was aeeeptable for cattle consumption. The forage collected 
during the animal complaint invest if atio:ns had higher contaminant levels: than 
any of the forage samples collected during the 1983 and 1985 general asse:ssmient 
surveys: in the vicinity of ADR. 

The mo^. b.ag survey eondueted in the late summer and faU of 1983 confirmed 
that ADl is a source of Al, Cu, F,, Na and :Pb atmospheric depositon. Of these 5 
eheraiicals only Al and Na appeared to be emitted in sipificant quantities. The 
mo:^ bag data conflrmied that emissions from ADR were localized in extent an^d 
the foliage,, forage and visual observations confirmied that the environmental 
impact on the surrounding terrestrial ecosystem was nefligible. 

Calcium, Mg, S and CI stlm appeared to be .associated with either emissions from 
the manufacturing process or fugitive dust from the general activity around 
ADR. Thiese elements tended to be dispersed over a sMghtly igreater area.. 
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HoweVer, Ca, Mg and S are plant miacronutrients and are required in relatively 
large amounts to fuel plant metabolic processes. Chloride is a micronutrient, 
esseotial to plant ipowth but requir^ed' in smaller amounts trran the 
macponutrients. TTiese nutrient type elements also can be phytotoxic if present 
in high coneentratioris.; however the lack of injury symiptomis on even the most 
sensitive plant species indicated that emissions of Ca;, Mg and S were not 
excessive. 

The levels of most chemiicals in mc^^ tended to be lower in 'Septemiber when ADR 
was not operating and higher (but variable) in October,, Novemiber and December. 

M conclusion, emissions from A,DR have had a negMg-ible tnripaot on the 
vefetation in the Eavenshoe .area and .although contamiination of forage has 
occurred, it Is extremely localized and aeceptable lor cattle eonsumption. 'The 

Phytotoxicolofy :Section will continue to monitor the soil and vegetation in the 
vicinity of this source on a periodic basis or as r.eqiuested by MOE Central 
Riegion. 
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TABLE 1 



Concentrations of Varioys Chemicals in Unwarfied Poplar Foliage 

In the Vicinity of Aluminum Drt^ Recycling, K^wick 

1983 and 1985 



Distance and 
Direction frorr 


1 


Al 


Ca 


Chemical Concentration * 
Cl% Cu F Mg Mo 


Na 


Pb 


S% 


Source** 
























1 300 m 
NNW 


1983 
1985 


410 
370 


11500 
11400 


0.70 

0.60 

• 


19 
17 


12 
9 


3350 
5250 


NA 
0.5 


lie 

130 


8 
5 


0.22 
0.14 


I 325 m 

H 


1983 
1985 


325 
1150 


13500 
12000 


1.04 
0.90 


14 
43 


11 
14 


2100 
3100 


NA 
-to. 5 


178 
325 


8 
12 


0.19 

0.17 


5 500 m 

NNW 


1983 
1985 


130 
130 


14000 
22500 


0.35 
0.74 


9 

12 


5 
7 


1150 
2000 


NA 
^0.5 


80 
62 


5 
2 


0.16 
0.19 


7 500 m 
S 


1983 
1985 


375 
425 


16500 
18000 


0.50 
0.49 


8 
8 


5 
6 


2400 
2000 


NA 
0.5 


39 
36 


2 
3 


0.27 
0.20 


3 550 m 
SSE 


1983 
1985 


130 
140 


18000 
22500 


0.28 
0.46 


12 
11 


4 
6 


1100 
1950 


NA 
<Q.5 


51 
51 


4 
3 


0.23 

0.15 


i 1000 m 
NNW 


1983 
1985 


145 

430 


22000 
32000 


0.64 
1.48 


9 

11 


4 
7 


2100 
1150 


NA 
^0.5 


74 
290 


3 

4 


0.17 
0,14 


8 Control 
2850 m 
S 


1983 
1985 


44 
110 


15000 
20000 


0.40 
0.37 


6 

8 


5 
3 


2750 
2300 


NA 
<0.5 


31 
22 


2 
2 


0.19 
0.17 


Mean 


1983 
1985 


223 

394 


15800 
19800 


0.56 
0.72 


11 
16 


7 

7 


2140 
2540 


NA 
<0.5 


82 
131 


5 
4 


0.2O 
0.17 


Phytotoxicology 
Upper Limits of 
Normal 


500 


30000 


0.15 


20 


15 


7000 


1.5 


50 


30 


0.40 



* parts per million (except where noted), dry weight, mean of replicate samples, 

NA not analyzed 

*♦ approx. distance/direction from the centre of the ADR building 



TABLE 2 

ConcKitratiofW of Varioys Chemicals in Forage 
In the Vicinity of Alumirmjm Dro^ RecycUng, Keswick 

1983 and 1985 



Distance and 








Ch 


^emieal Concenitrat 


ion * 








Direc 


;tlon from 


AI 


Ca 


Cl% 


Cu 


F 


Mg 


Mo 


Na 


Pb 


S% 


Sou re 


:e** 
























1 


250 m 


1983 


820 


9400 


NA 


28 


5 


2100 


NA 


265 


10 


0.26 




E 


1985 


585 


16500 


1.62 


22 


<1 


1400 


1.2 


1050 


6 


0.23 


2 


425 m 


1983 


75 


5950 


NA 


11 


1 


2700 


NA 


51 


<1 


0.38 




NNW 


1985 


330 


10000 


1.47 


13 


3 


2150 


3.4 


145 


2 


0.33 


3 


550 m 


1983 


87 


7100 


NA 


5 


1 


2250 


NA 


120 


2 


0.29 




SSE 


1985 


58 


8550 


1-25 


5 


1 


1750 


1,3 


141 


1 


0.26 


4 


1375 m 


1983 


86 


6700 


NA 


5 


^1 


1800 


NA 


140 


<1 


0.24 




NW 


1985 


54 


7900 


0,52 


6 


<1 


2200 


1.5 


32 


<1 


0.26 


5 


1625 m 


1983 


68 


5800 


NA 


4 


4.1 


3000 


NA 


300 


<1 


0.29 




NE 


1985 


205 


13000 


0.70 


3 


<1 


900 


0,6 


100 


2 


0.19 


6 


Control 


























5000 m 


1983 


42 


5900 


NA 


7 


^1 


2800 


NA 


230 


<1 


0.27 




SW 


1985 


32 


5100 


1.08 


9 


<1 


1000 


0.7 


35 


1 


0.21 


Mean 


1983 


168 


5840 


NA 


9 


1 


2090 


NA 


158 


2 


0.25 






1985 


181 


8750 


0.95 


B 


<1 


1340 


1.2 


215 


2 


0.21 


Phyt 


otoxicolc 


igy 


NE 


NE 


l.QO 


7 


12 


NE 


6 


NE 


20 


0.50 


Upper Limits 


of 






















Normal 

























♦ parts per million (except where noted), dry weight, mean of replicate samples. 

NA not analyzed 

NE not established 

♦* approx. distance/direction from the centre of the ADR building 



TABLE 3 

Aluminum Concentration in Mc^ Bags Exposed in the Vicinity 
of Aluminum Dr^ Recycling 
September to December, 19B3 













Aluminum Concentration 


♦ 


Site No, 


Distance and 














Direct; 
Source 


ion 

♦ ♦ 


from 


Sept, 


Oct. 


Nov. 


Dec. 


Mean 
(Oct.-Dec.) 


6 


175 


m 


E 


530 


1040 


770 


740 


850 


If 


210 


m 


S 


540 


100 


1060 


170 


440 


f 


245 


m 


NNW 


30 





80 





27 


4 


490 


m 


SSE 


110 


200 


370 





190 


5 


525 


m 


W 


90 


10 


110 





40 


8 


525 


m 


NNW 


s 


m 


120 





47 


2 


735 


m 


E 


55 


90 


100 


110 


100 


9 


1260 


m 


WNW 


40 





Ifl. 





I 


10 


1330 


m 


NE 


i 


01 


130 





43 


3 


1470 


m 


E 


30 





140 





47 


1 


1680 


m 


ESE 


40 


160 


70 


30 


87 


11 


1960 


m 


NE 


80 


60 


180 


20 


87 


12 


2275 


m 


ENE 


20 


30 


80 





55 


13 


2590 


m 


SW 


10 


30 


80 





55 


14 


3990 


m 


SW 





1 


50 





17 




Mean 






105 


116 


223 


71 


139 



* parts per million, dry weight, single sample, corrected for background. 
Aluminum background correction = 760 ppm 

approx. distance/direction from the centre of the ADR building 
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TABLE 4 

Calciymi Concenitration in M^^ Bags Exposed In the Vicinity 
of Alumlnym Dr^ss RecycDng 
Septennber to December, 1983 













Calcium Concentration* 




Site No, 


Distance 


and 














Direction 


from 


Sept. 


Oct» 


Nov, 


Dec. 


Mean 




Source** 












(Oct.-Dec.) 


6 


175 


m 


E 


5470 


6200 


5560 


3100 


4950 


15 


210 


m 


S 


2390 


1000 


2110 


100 


1070 


? 


245 


m 


NNW 


2B0 


300 


310 





200 


i 


490 


m 


SSE 


130 


700 


390 





360 


5 


525 


m 


W 


590 


700 


520 


1600 


940 


a 


525 


m 


NNW 





300 


10 





100 


1 


735 


m 


E 


210 


900 


320 





410 


f 


1260 


m 


WNW 


90 


U 


70 





23 


li 


1330 


im 


NE 


t 





30 





10 


3 


1470 


nn 


E 


iO 


100 


1610 





570 


1 


1680 


m 


ESE 


40 


1000 


430 





400 


m 


1960 


m 


NE 


2320 


2000 


5600 


1300 


2970 


m 


2275 


m 


ENE 


170 





120 





40 


13 


. 2590 


m 


SW 


260 





270 





90 


li „ 


3990 


m 


sw 


to 


i 


Q 





i 




Mean 






807 


880 


1157 


407 


814 



♦ parts per million, dry weight, single sample, corrected for background. 

Calcium background corTection = 3200 ppm 

♦* approx. distance/direction from the centFe of the ADR building 



TABLE 5 

Copper Concentration in Mo^ Bags EsqK^d in the Vicinity 
of Aluminum Dross Recycling 
September to December, 1983 













Copp' 


er Concentration* 




Site No. 


Distance i 
Direction 
Source** 


and 
from 


Sept. 


Oct. 


Nov. 


Dec, 


Mean 
(Oct.-Dec.) 


6 


175 


m 


E 


17 


40 


24 


46 


37 


M' 


210 


m 


S 


13 


5 


40 


14 


20 


1 


245 


m 


NNW 








15 


3 


6 


t 


490 


m 


SSE 


t 


i 


15 


3 


1 


5 


525 


m 


W 


i 


1 


2 


3 


t 


i 


525 


mi 


NNW 


i 


1 


i' 


1 


1 


t 


735 


m 


E 


f 


1 


i! 


4 


I 


f 


1260 


m 


WNW 


El 


i 


i 


% 


i 


IS 


1330 


m 


NE 


i 


i 


i 


3 


1 


= J 


1470 


m 


E 


i 


i 





1 


1 


I 


1680 


m 


ESE 


i 


t 


1 


3 


1 


11 


1960 


m 


NE 


i 


1 


10 


3 


1 


11 


2275 


m 


ENE 


a 








2 


1 


O' 


2590 


m 


SW 


J 








2 


1 


lA 


3990 


m 


SW 











2 


1 




Mean 






t 


4 


7 


6 


>^. 



* parts per million, dry weight, single sample, corrected for background. 

Copper background correction = 4 ppm 

** approx. distance/direction from the centre of the ADR building 



TABLE 6 

Fluoride Concentration in Moss Ba^ Exposed In the Vicinity 
of Alumimjm Dross Recycling 
Septenriber to December, 1983 













Fluori 


de Concentration* 




Site No, 


Distance 


and 














Direcl 


tion 


from 


Sept. 


Oct. 


Nov. 


Dec. 


Mean 




Source** 












(Oct,-Dec.) 


6 


175 


m 


E 


2 


29 


1 


5 


12 


m 


210 


m 


S 


a 





2 





1 


7 


245 


m 


NNW 


i 


CI 








11 


4 


490 


m 


SSE 


t 











i 


$ 


525 


m 


W 


i 


tt 








CI 


i 


525 


m 


NNW 


i 


u 











t 


735 


m 


E 


p 


1 








a 


t 


1260 


m 


WNW 


1 


Oi 








i 


1© 


1330 


im 


NE 


Oi 


i 





2 


1 


I 


1470 


m. 


E 


i 











i 


1 


1680 


m 


ESE 


i: 


'0 








i 


11 


1960 


m 


NE 


1 


p 








i 


m 


2275 


m 


ENE 


§ 


lO^.. 








i 


11 


2590 


m 


SW 


1 











i 


M 


3990 


rrii 


sw 


i 











i 




Mean 









2 








1 



* parts per million, dry weight, single sample, corrected for background. 

Fluoride background correction = 2 ppm 

♦♦ approx. distance/direction from the centre of the ADR building 



TABLE 7 

neslum Concentration in hAmm Bags Expoi^d in the Vicinity 
of Aluminom Dross Recycling 
September to December, 1983 











Magnesium Concentration* 


Site No. 


Distance and 
Direction from 
Source** 


Sept. 


Oct. 


Nov.. 


Dec. 


Mean 
(Oct.-Dec.) 


£ 


175 


m E 


m 


250 


100 


150 


J 70 


if 


210 


m S 


120 


50 


160 





71 


1 


245 


m NNW 


i 


50 





i 


17 


i 


490 


m SSE 


i 


250 





i 


83 


1 


525 


m W 


1 


40 





50 


JO 


i 


525 


m NNW 


i 


50 





i 


17 


I 


735 


m E 


§ 


450 





40 


170 


» 


1260 


m WNW 


i 








Q 


i 


10: 


1330 


m NE 





Q 








i 


'3 


1470 


m E 


i' 


50 








17 


.1. 


1680 


m ESE 


i 


250 





20 


100 


11 


1960 


m NE 


m 


50 


20 


10 


27 


It 


2275 


m ENE 


i 


50 








17 


13 


2590 


m SW 


D. 


40 





30 


23 


m 


3990 


m SW 


0: 


e 













Mean 




17 


105 


19 


20 


49 



* parts per million, dry weight, single sample, corrected for background. 

Magneslym background correction = 950 ppm 

** approx. distance/direction from the centre of the ADR byilding 



TABLE 8 

Sodlynn Ccjoceiitratiori in Mo^ Bags Expo^d in the Vicinity 
of Aluminym Dross Recycling 
SeptenTber to December, 1983 













Sodii 


um Concentration* 




Site No. 


Distance 

Direction 
Source** 


and 
from 


Sept. 


Oct, 


Nov. Dec. 


Mean 
(Oct.-Dec.) 


6 


175 


m 


E 


130 


640 


80 2450 


1050 


If 


210 


m 


S 


200 


70 


770 490 


440 


? 


245 


m 


NNW 


§ 


i 


i' 10 


3 


4 


490 


m 


SSE 


i 


i 


«■ 20 


m 


$■ 


525 


im 


W 


1'' 


s 


i 


i 


g 


525 


m 


NN'W 


i 


© 


f n 


i 


t 


735 


m 


E 


i 


i 


i 110 


37 


t 


1260 


m 


WNW 


i 


1 


i 30 


JS 


' li 


1330 


nn 


NE 


n 


i 


a 20 


1 


f 


1470 


m 


E 


i 


i 


so 30 


27 


1 


1680 


m 


ESE 


i 


i 


50 


17 


11 


1960 


m 


NE 


a 


i 


i 100 


33 


It 


2275 


m 


ENE 


i 


i 


li 50 


17 


ij 


2590 


mi 


SW 


i 


i 


i 180 


60 


». 


3990 


mi 


SW 


1 





310 


100 




MIean 






12 


47 


66 257 


123 



* parts per million, dry weight, single sample, corrected for background. 

Sodium background correction = 150 ppm 

*♦ approx. distance/direction from the centre of the ADR building 



TABLE 9 



Sulphur Coficentratloii In Mb^ Bags Expcreed in the Vicinity 
of Alumirium Dro^ Recycling 
September to December, 1983 



♦ percent, dry weight, single sample, corrected for background. 

Sulphur background correction = 0,07% 

♦* approx. distance/direction from the centre of the ADR byilding 











Sulphi 


ur Concentration* 




Site No. 


Distance and 














DirectlQn from 
Source* ♦ 


Sept. 


Oct. 


Nov. 


Dec. 


Mean 

(Oict..Dec.) 


6 


175 


m E 


0.00 


0.07 


0,03 


0,07 


0.06 


IS 


210 


m S 


0.01 


0.01 


0.03 


0.05 


0,03 


• 7 


245 


m NNW 


0.00 


0.00 


0.00 


0.02 


0.01 


# 


490 


m SSE 


0.00 


0.00 


0.00 


0.02 


0.01 


f 


525 


m W 


0.00 


O.OiO 


0.00 


0.00 


0.00 


a 


525 


m NNW 


0.00 


D.Ol 


0.01 


0.01 


O.OJ 


I 


735 


m E 


0.01 


0.02 


0.01 


0.05 


0.03 


i 


1260 


m WNW 


0.00 


0.00 


0.01 


0,01 


0,01 


11 


1330 


m NE 


0.00 


O.OO 


0.00 


0.03 


0.01 


1 


1470 


m E 


0.00 


0.00 


0,01 


0.03 


0.01 


1 


1680 


m ESE 


0.00 


0.01 


0,00 


0.03 


0.01 


11 


1960 


m NE 


0.01 


0.01 


0.02 


0.07 


0.03 


m 


2275 


m ENE 


0.00 


0.00 ■ 


0.00 


0.03 


0.01 


w 


2590 


m SW 


0.00 


0.01 


0.00 


0.03 


0,01 


m 


3990 


m SW 


0.00 


0.00 


0,00 


0.00 


0.00 




Mean 







0.01 


0,01 


0.03 


0.02 



TABLE 10 

Chloride Coficefitratlon in Mo^ Ba^ Exposed in the Vicinity 
of Alumimjm Dross Recycling 
September to December, 1903 













Chloride Concentration* 




Site No. 


Distance 

Direction 

Source** 


and 

from 


Sept, 


Oct, 


Nov. 


Dec. 


Mean 
COct.-Dec) 


6 


175 


m 


E 


0.09 


0.22 


N 


0.57 


0.40 


If 


210 


m 


S 


0.03 


0.01 





0.07 


0.04 


1 


245 


m 


NNW 


0.00 


0.00 




0.00 


0.00 


i 


490 


m 


SSE 


0.00 


0.00 


D 


0.01 


0.0 J 


3 


525 


m 


W 


0.00 


0.00 


A 


0.00 


0,00 


i 


525 


m 


NNW 


0.00 


0.03 


T 


0.00 


0,02 


i 


735 


m 


E 


0.00 


0.01 


A 


0.03 


0.02 


f 


1260 


m 


WNW 


0,00 


0,00 




0.00 


0.00 


m 


1330 


m 


NE 


0.00 


0.00 




0.01 


0-01 


1 


1470 


m 


E 


0.00 


0.00 




0.01 


0.01 


1 


1680 


m 


ESE 


0,00 


0.00 




0.01 


0.01 


ii 


1960 


m 


NE ■ 


0.00 


0.00 




0.02 


0.01 


m 


2275 


m 


ENIE 


0.00 


0.00 




0.01 


0.01 


13 


2590 


m 


sw 


0.00 


0.00 




0,03 


0.02 


14 


3990 


m 


sw 


0,00 


0.00 




0.02 


0,01 




Mean 






0.01 


0.02 




0.05 


0.04 



♦ percent, dry weight, single sample, corrected for background. 

Chlorine background correction = 0.02% 

♦♦ approx. distance/direction from the centre of the ADR building 



TABLE 13 

Lead Concentraticn in Moss Bags Exposed in the Vicinity 
of Alyminum Dr^ Recycling 
September to December, 198 3 













L 


ead Concentr 


ation* 




Site No, 


Distance 

Direction 

Source** 


and 
from 


Sept. 


OcL 


Nov, [ 


Dec, 


Mean 
(Oct.-Dec.) 


i 


175 


m 


E 


i 


7 


7 


11 


8 


li 


210 


m 


S 


i 


i 


5 





2 


T 


245 


m 


NNW 





i 


2 





1 


i 


490 


m 


SSE 


i 


1 


4 





2 


1 s 


525 


m 


W 


i 


i 











i g 


525 


m 


NNW 


i; 


6 











1 


735 


m 


E 





1 











f 


1260 


m 


WNW 





i 











m 


1330 


m 


NE 


i 


i 











f 


1470 


m 


E 


iQ 














1 


1680 


m 


ESE 


tt 


1 








I. 


11 


1960 


nn 


NE 


0^ 


§ 


2 





1 


11 


2275 


m 


ENE • 


D 


i 











13 


2590 


m 


SW 


i 


i 


i: 


i 


i 


li 


3990 


im 


sw 


i 


Q 


1 


a 


i 




Mean 









1 


1 


1 


1 



♦ parts per million, dry weight, single sample, corrected for background. 
Lead background correction = 20 ppm 

approx. distance/direction from the centre of the ADR building 



♦ * 



N 




1 



J 



Figure 1: 

Location of tree foliage 
sampling sites j 1983 S 198S 



N 




Figure 3: 

Location of forage 
sampling site 8 , 1983 S 
1985 




; 



N 




Figure S: 

Location of Mobb Bag 
8 amp ting 8ite&, 193 3 
only , 



N 




Figure 7i 
Mean (Oat , -Dec , ) 
Calcium eonaentration 
in moas. 1963, 




Figure 9: 
Mean (Oct,- OeaJ 
Fluoride eonaentration 
in mo0 8. 1983, 




gure 10: 

an (Oct . -Dec . i 
gnesium aoncentration 
moss . 1 98 3 . 



N 




4 



Figure 13- 

Mean (Oat , -De a. ) 

Ch loride a onaentr a tion 

in mo 88, 1983, 



N 
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